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(57) ABSTRACT

A semiconductor device including field-effect transistors
(inFETs) formed on a silicon substrate. The device includes
a number of active areas each having a number of equally-
spaced fins separated into regular fins and at least one edge
{in, a gate structure over the regular fins, and a drain region as
well as a source region electrically connected to the regular
fins and disconnected to the at least one edge fin. The edge fins
may be floating, connected to a potential source, or serve as a
part of a decoupling capacitor.
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FINFET STRUCTURE WITH NOVEL EDGE
FINS

FIELD

This disclosure relates generally to semiconductor transis-

tor design, and more specifically to fin field-effect transistors
(FinFETSs).

BACKGROUND

Transistors are formed 1n both digital and analog areas of
an mtegrated circuit (IC). Transistors are typically formed by
providing an active area with doped source/drain regions in
the substrate, a gate insulating layer over the substrate, and a
gate electrode over the gate mmsulating layer. Contacts connect
the source/drain regions and gate electrodes with a conduc-
tive interconnect structure having several horizontal conduc-
tive pattern layers and vertical via layers formed within a
plurality of inter-metal dielectric (IMD) layers.

As IC dimensions shrink, transistor design shift to a three-
dimensional design with multiple gates, specifically fin field-
eifect transistors (FinFETs). FinFET devices typically
include a number of semiconductor fins having high aspect
ratios 1n which the channel and source/drain regions for the

transistor are formed. A gate 1s formed over and along the
sides of a portion of the semiconductor fins.

Because FinFETs are three-dimensional, the effective
widths are larger than a corresponding planar transistor. In
addition to the width of the active area, the etfective FInFET
width also includes two times the protruded portion of the
fins, namely the height of the fins. In other words, the pro-
truded portion of the fins adds to the effective width of the
FinFET. The use of fins increases surface areas of the channel
and source/drain regions for the same surface area. The
increased surface area of the 1n a FInFET results 1n faster,
more reliable and better-controlled semiconductor transistor
devices that consume less power.

While FinFET devices provide improved characteristics,
design improvements that reduce eflect of mass-production

processes continue to be sought.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a fin field-effect transistor
(FinFET) according to one or more embodiments of the
present disclosure.

FIG. 2 1s a top view of two field-effect transistors (Fin-
FETs) according to one or more embodiments of the present
disclosure.

FIGS. 3A and 3B are top views of FinFETs and a circuit
representation of the FinFETs 1n accordance with various
embodiments of the present disclosure.

FIGS. 4A and 4B are top view of FinFETs and a circuit
representation of the FinFETs in accordance with some
embodiments of the present disclosure.

FIGS. 5A and 5B are top view of FinFETs and a circuit
representation ol the FinFETs in accordance with some
embodiments of the present disclosure.

FIG. 6 15 a top view of two FinFETs in accordance with
some embodiments of the present disclosure.

FIG. 7 1s a top view of two FinFET's in accordance with
some embodiments of the present disclosure.

FIG. 8 1s a flow chart of another method for forming fin
capacitors in accordance with various embodiments of the
present disclosure.
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2
DETAILED DESCRIPTION

This description of the exemplary embodiments 1s
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire written
description In the description, relative terms such as “lower,”

“upper,” “horizontal,” “vertical,”, “above,” “below,” “up,”
“down,” “top” and “bottom™ as well as dertvative thereof
(e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should
be construed to refer to the orientation as then described or as
shown in the drawing under discussion. These relative terms
are for convenience of description and do not require that the
apparatus be constructed or operated 1n a particular orienta-
tion. Terms concerning attachments, coupling and the like,
such as “connected” and “interconnected,” refer to a relation-
ship wherein structures are secured or attached to one another
either directly or indirectly through intervening structures, as
well as both movable or rigid attachments or relationships,
unless expressly described otherwise. Like items 1n different
figures are indicated by like reference numerals.

As mtegrated circuit (IC) dimensions decrease, planar tran-
sistors increasingly sutler from the undesirable short-channel
elfect, especially “off-state” leakage current, which increases
the 1dle power required by the device. In a fin field-efiect-
transistor (FinFET), the channel 1s surrounded by several
gates on multiple surfaces, allowing more efiective suppres-
sion of “off-state” leakage current. FinFET's have higher drive
currents and are more compact than conventional planar tran-
s1stors.

FinFETs use a substantially rectangular fin structure. In
one method, shallow trench 1solation (STI) features 105 are
formed first on bulk silicon material, shown in FIG. 1 as
substrate 101. Bottoms of trenches between the STI features
105 are exposed bulk silicon. Silicon 1s then grown 1n the
trenches to form fins 103 by using, for example, an epitaxial
process. Once a desired fin height 1s reached, then the STI
teatures 103 are etched to a level below a top of the fin 103 to
expose a portion of the fin 103. The exposed portion of the fin
103 1s a top portion 107 and the embedded portion 1s a bottom
portion. The fins 103 have a width 109. The bulk silicon
material 101 1s a silicon substrate or a deposited silicon such
as silicon-on-insulator (SOI) with a barrier oxide (BOX) layer
between the SOI and the underlying silicon substrate. Using
this method, the STI features 105 define the size and shape of
the fins 103. Depending on etch parameters used when the
trenches are formed, the fins 103 may have a variety of sub-
stantially rectangular shapes, including the slight angle at the
bottom portion of the fin, as shown in FIG. 1.

In another method, bulk silicon on a substrate is etched into
a rectangular {in shape by first patterning and depositing a
hardmask layer on the bulk silicon. The hardmask forms a
pattern covering the top of the fins. The bulk silicon 1s then
etched to form trenches between the regions covered by the
hardmask layer. The trenches are formed 1nto shallow trench
1solation (STT) features 105 by depositing a dielectric mate-
rial, usually silicon oxide, into the trenches. The dielectric
matenal 1s usually deposited to completely cover the fins 103
and, optionally, the hardmask layer, 11 not yet removed. The
dielectric material 1s planarized down to the top surface of the
fin or the hardmask, and then the dielectric material 1s etched
to a level below the top of the fin so that a portion of the fin
protrudes above the STI features 105. The protruded fin por-
tion has a fin height 107 and a width 109.

In a variation of the second method, the hardmask 1n etch-
ing the bulk silicon 1s formed by a process using mandrels. A
photoresist pattern 1s formed and used to etch a mandrel
pattern. A conformal spacer material 1s then deposited around




US 9,196,540 B2

3

the mandrel. The conformal spacer 1s usually formed of a
hardmask material forming a spacer sidewall thinner than that

of the mandrel. The mandrel material between the spacers 1s
then removed 1n subsequent etching operations to leave just
the spacers behind. Some of the spacers are then used as a 53
hardmask for etching the underlying silicon layers to form the

fin structures 103. Using the mandrel/spacer method, thinner
fins that are closer together can be formed than the first
method or the unmodified second method. The exposed fin
portions have a height dimension (h, 107), a width dimension 10
(w, 109) and a length dimension (I, 115). Some electrical
properties ol the FinFET can be defined relative to these
dimensions. For example, an effective channel width for the
transistor may be calculated using the dimension of the fins
under the gate. As shown 1n FIG. 1, the effective channel 15
width 1s 2 fins, or 2x(2h+w). Note that the effective channel
width does not include the distance between fins.

The remaining FmnFET forming process steps are
described here to provide context for the present disclosure. A
gate structure 1s formed over the fins. A gate dielectric layer 20
113 and gate electrode layer 111 are deposited over the fins
103 and the STI features 105. Gate dielectric layer 113 1s
formed of a high dielectric constant (high-k) dielectric mate-
rial. Exemplary high-k maternials have k values greater than

about 4.0, or even greater than about 7.0, and include alumi- 25
num-contaimng dielectrics such as Al,O,, HTA1O, HTAION,
or AlZrO; Hi-containing materials such as H1O,, HfS10_,
HTAIO_, HIZrS10_, or HIS1ON; and/or other materials such
as LaAlO; or Zr0O,. Gate electrode layer 111 1s formed on the
gate dielectric layer 113, and may be formed of a conductive 30
material such as doped polysilicon, metals, or metal nitrides.

The gate electrode layer 111 and gate dielectric layer 113
are patterned to form a gate structure over one or more middle
portion of the fins 103. Only one gate structure 1s shown in
FIG. 1, but a FinFET includes many gate structures, in some 35
embodiments. The fin portions not under the gate structure
are then optionally doped to form lightly doped drain and
source (LDD) regions. The dopant used depends on the con-
ductivity type of the transistor. The LDD regions may be
doped by 1on-1mplanting or by plasma doping where dopants 40
are deposited onto the fin 103 and annealed. Source and drain
regions are formed across the gate structure over and between
the fins. Source and drain regions may be formed by 10n-
implanting a source/drain region or by removing a portion of
the fin and epitaxially re-growing the removed portion under 45
doping conditions to form a source/drain region.

A circuit designer specifies transistors 1n a design accord-
ing to electrical properties for performing various functions.
Electrical properties to be considered include turn on voltage
(threshold voltage), breakdown voltage, on-state current, 50
leakage current, among others. The on-state current 1s the
current that may be driven through the transistor when the
gate voltage 1s equal to the threshold voltage. A FinFET may
be modeled as a combination of metal-oxide-semiconductor
field-effect transistors (MOSFETs) sharing a gate, source, 55
and drain with one fin each. The threshold voltage and on-
state current of each MOSFET becomes 1ncreasingly sensi-
tive to channel width as the fin width becomes increasingly
small. When a circuit 1s designed using planar transistors, the
channel width may be any value by just making the transistor 60
wider or narrower. However, with FinFETs, the channel
width 1s an integer multiple of the dimensions for a single fin.
For example, a FinFET channel width may be equal to 2 fins
or 3 fins but not 2.5 fins. While a range of on-state currents
may be acceptable, depending on the circuit functionality and 65
application, the threshold voltage matches mput of other

devices. Thus, the channel widths are controlled to limit

4

variation of threshold voltage, especially in analog regions of
an 1ntegrated chip device where a mismatch may cause a
circuit to perform incorrectly. FIG. 2 illustrates a top view of
a FinFET layout 200 with two FinFETs. Each FinFET
includes 6 fins 201 and 4 gate structures 203, with a dummy
gate 205 between the two FinFETs. A perimeter of each
FinFET around the fins 201 and gate structures 203 1s an
active area 207. The active area 207 includes at least one fin
201 and may include twenty or more fins, depending on the
circuit requirements for the FinFET.

As discussed, 1n some embodiments, {ins are formed by
plasma etchuing into a silicon substrate using different mate-
rials as an etch mask. The etch mask may be a deposited
hardmask, or spacers around a removed mandrel. The plasma
etching process 1s prone to localized loading effects such as
where the amount etched 1s dependent on density of features
ctched and aspect ratios of features. As result, fins around an
edge ol an active area are etched to a different degree from fins
in the center of an active area. The localized loading effects
are more pronounced when the fins are closer together, such
as with decreasing IC feature size. In one instance, a fin width
at the edge of an active area can vary as much as 50% from a
fin width at the center of an active area. Because fin widths are
directly related to effective channel width, having varying fin
widths across a FinFET increases the complexity and diifi-
culty of modeling electrical behavior for a FinFET. Further,
the varying fin widths may cause a FinFET threshold voltage
and on-state current to be different from an equivalent planar
transistor.

Various embodiments of the present disclosure pertain to
FinFET structures within an active area that reduces the fin
width varnation at the edges of an active area. According to
various embodiments, one of more of edge fins 1n an active
area 1s not connected to the drain region or source region, or
both regions of the FinFET. From the perspective of the
FinFET, the one or more edge fins, up to about four fins, are
dummy fins and can be removed from the electrical modeling
of FinFET. Because the dummy fins width may vary depend-
ing on process conditions, the removal simplifies the electri-
cal modeling. Further, localized loading effects would not
aifect the threshold voltage of the FinFET and improves
analog matching. One measurement found a current variation
by as much as 75% as compared to an equivalent planar
transistor.

FIGS. 3A and 3B illustrate FinFET structures and a result-
ing circuit according to some embodiments of the present
disclosure. FIG. 3A 1s a top view diagram of two FinFETs
formed using a number of fins 301 A and 303 A within active
areas 300 and 310, respectively. Active areas 300 and 310

cach include total of 8 fins 301 A and 303B separated into
regular fins 301A and edge fins 303A. While two edge fins
303 A are shown, the number of edge fins 303 A may be one or
may be more than two. In embodiments where more than two
edge fins 303 A are used, edge fins 303 A are located on either
side of the regular fins 301A. Gate structures 305 are formed
across the fins 301 A and 303B and metal lines 309 connect
the regular fins 301 A. A dummy gate structure 307 1s formed
between the two active areas 300 and 310. The edge fins 303 A
are not connected to an interconnect structure.

The FinFETSs of FIG. 3A can be made without adding any
process steps to the FinFET manufacturing process. How-
ever, the photomask used to form a source region, a drain
region, and the metal lines 309 1s modified to cover only the
regular fins 301 A and not the edge fins 303 A. The resulting
FinFET has little or no fin width varniation, for example, less
than about 3% or less than about 1%. In some embodiments,
the fin width variation 1s between about 0.25% and 1%. The
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reduced fin width variation simplifies the electrical model and
reduces the likelihood of threshold voltage mismatch and
on-state current variation between operable fins 1n the Fin-
FET.

FIG. 3B shows an electrical diagram of one of the active

areas ol FIG. 3A. Each ofthe regular fins 301 A 1n effect forms

a portion of MOSFET 301B. Various MOSFETs 301B are
connected together and are controlled as one transistor whose
clectrical property 1s a combination of the individual MOS-
FETs 301B. The edge fins 303B also form MOSFETSs, but are
not connected to any interconnect structure. Thus during tran-
sistor operation, the edge MOSFETs 303B are floating elec-
trically, which may affect the FinFET as noise.

FIGS. 4A and 4B 1llustrates FinFET structures and a result-
ing circuit according other embodiments of the present dis-
closure. FIG. 4A 1s a top view diagram of two FinFETs
formed using a number of fins 401 A and 403 A within active
areas 400 and 410, respectively. Active areas 400 and 410
cach include 8 total fins 401 A and 403B separated into regular
fins 401A and edge fins 403 A. While two edge fins 403A are
shown, the number of edge fins 403A may be one or may be
more than two. In embodiments where more than two edge
fins 403 A are used, edge fins 403 A are located on either side
of the regular fins 401A. Gate structures 4035 are formed
across the fins 401 A and 403B and metal lines 409 connect
the regular fins 401 A. A dummy gate structure 407 1s formed
between the two active areas 400 and 410. The edge fins 403 A
are connected to an 1nterconnect 411 and bus 413. The bus
413 1s connected to a constant potential source, either to a
voltage source (not shown) or a ground.

The FinFETs of FIG. 4 A can be made little or no additional
process steps to the FinFET manufacturing process. The pho-
tomask used to form a source region, a drain region, and 1s
modified to cover only the regular fins 401 A and not the edge
fins 403 A. The photomask used to form the metal lines 409 1s
modified to form interconnect 411 and possibly bus 413.
However, a connection between the bus 413 and a constant
potential source may require additional manufacturing steps.

FIG. 4B shows an electrical diagram of one of the active
arcas ol F1G. 4A. Each of the regular fins 401 A 1n effect forms
a portion MOSFET 401B. Various MOSFETs 401B are con-
nected together and are controlled as one transistor whose
clectrical property 1s a combination of the individual MOS-
FETs 401B. The edge fins 403 A are connected to an inter-
connect structure 411 and the bus 413 that are connected to a
constant potential, either a voltage source or a ground. Thus
during transistor operation, the edge fins 403 A are held elec-

trically at a constant voltage. In these embodiments, edge
MOSFETs 403B do not affect the FinFET as noise. In some

embodiments, edge MOSFETs 403B may reduce FinFET
noise. When a potential difference exists across the FinFET
gate and the edge fins 403 A, some electrical energy 1s stored
in an electrical field across a gate dielectric between the edge
fins 403 A and the FinFET gate. The edge MOSFETs 403B
elfectively act as a decoupling capacitor and consume power
in a manner similar to a capacitor.

According yet other embodiments of the present disclo-
sure, FIGS. SA and 5B 1illustrate Fin. FQT structures and a
resulting circuit. FIG. 5A 1s a top view diagram of two Fin-
FETs formed using a number of fins 501 A and 503 A within
active areas 300 and 510, respectively. Active areas 500 and
510 each include 8 total fins 501 A and 503B separated into
regular fins 501A and edge fins 503A. While two edge fins
503 A are shown, the number of edge fins 303 A may be one or
may be more than two. In embodiments where more than two
edge fins 503 A are used, edge fins 503 A are located on either
side of the regular fins S01A. Gate structures 505 are formed
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across the fins 501A and 503B and metal lines 509 connect
the regular fins S01A. A dummy gate structure 507 1s formed
between the two active areas 500 and 510. The edge fins 503 A
are connected to an mterconnect 511 and a bus 313. The bus
513 15 connected to the gate structures 305 through another
interconnect 515.

The FinFETs of F1G. SA can be made little or no additional
process steps to the FinFET manufacturing process. The pho-
tomask used to form a source region, a drain region, and 1s
modified to cover only the regular fins 301 A and not the edge
fins S03A. The photomask used to form the metal lines 509 1s
modified to form imterconnects 511/513 and possibly bus 513.

FIG. 5B shows an electrical diagram of one of the active
areas of FIG. SA. Each of theregular fins 301 A 1n effect forms
a portion MOSFET 501B. Various MOSFETs 501B are con-
nected together and are controlled as one transistor whose
clectrical property 1s a combination of the individual MOS-
FETs 501B. The edge fins 503 A are connected to the inter-
connect structures 511 and 3515 and the bus 3513 that are
connected to the gate structure 505. Thus during transistor
operation, the edge fins 503 A are held electrically at the same
potential as the gate of the FinFET. In these embodiments, the
edge MOSFETs 503B do not affect the FinFE'T as noise and
consume no power because no current tlows across the edge
MOSFETs 503B while the gate 1s effectively shorted to the
source and drain region of the edge MOSFETs 503B.

A variation of the embodiments of FIGS. 5A and 5B
involves forming a portion of the gate structure 505 over the
edge fins 503 A such that no gate dielectric 1s formed over the
edge fins 503A. When the gate stack includes no dielectric,
the gate 1s conductively contacting the edge fins 503A
directly. In these embodiments, the edge fins 503A are
directly shorted to the FinFET gate without the interconnects
511 and 515 or the bus 513. One way to effect this embodi-
ment 1s to etch off at least a portion of the gate dielectric
deposited over the edge fins 503A betfore depositing rest of
the gate stack so that conductive elements of the gate stack
directly contact the edge fins 503 A.

FIG. 6 shows still other embodiments of FinFETs accord-
ing to the present disclosure. FIG. 6 1s a top view diagram of
two FinFETs formed using a number of fins 601 and 603
within active areas 600 and 610, respectively. Active areas
600 and 610 each include 8 total fins 601 and 603 separated
into regular fins 601 and edge fins 603. While two edge fins
603 are shown, the number of edge fins 603 may be one or
may be more than two. In embodiments where more than two
edge fins 603 are used, the edge fins 603 are located on either
side of the regular fins 601. Gate structures 603 are formed
across the regular fins 601 without contacting edge fins 603.
Metal lines 609 connect the regular fins 601. A dummy gate
structure 607 1s formed between the two active areas 600 and
610.

In these embodiments, the edge fins 603 may be floating, be
connected to a potential source or ground such as the embodi-
ments of FIGS. 4A and 4B, or be connected to the gate
structures 603 by an interconnect similar to the embodiments
of FIGS. 5A and 5B. While the edge fins 603 are not con-
nected to any part of the FinFETSs, the edge fins 603 are still
formed with the regular fins 601 within the active areas 600
and 610. IT connected to a potential, ground, or the gate
structures 605, the edge fins 603 can reduce cross talk
between adjacent FinFETs without adding noise.

FIG. 7 shows embodiments of FinFETs according to the
present disclosure where the regular fins and edge fins are not
equally spaced. FIG. 7 1s a top view diagram of two FinFETs
formed using a number of fins 701, 703A and 703B within

active areas 700 and 710, respectively. Active areas 700 and




US 9,196,540 B2

7

710 each include 8 total fins 701, 703 A and 703B separated
into regular fins 701 and edge fins 703 A and 703B. While two
edge fins 703 A and 703B are shown, the number of edge fins
703A and 703B may be one or may be more than two. In
embodiments where more than two edge fins 703 A and 703B
are used, the edge fins 703 A and 703B are located on either
side of the regular fins 703 A and 703B. Gate structures 705
are formed across the regular fins 701 without contacting
edge fins 703 A and 703B. Metal lines 709 connect the regular
fins 701. A dummy gate structure 707 1s formed between the
two active areas 700 and 710.

A top edge fin distance 711 marks the space between edge
fin 703 A and an adjacent regular fin 701. A bottom edge fin
distance 715 marks the space between edge fin 703B and
adjacent regular fin 701. A regular fin distance 713 marks the
space between adjacent regular fins 701. According to these
embodiments, a ratio of both of the edge fin distances 711 and
715 to regular fin distance 713 1s between about 1 to about 5.
Edge fin distances 711 and 7135 may be same or different. In
certain embodiments, there may be itervening fins formed
with the fins 701, 703 A and 703B and subsequently removed
betfore the gate structure 1s formed.

One aspect of the present disclosure pertains to a method
for forming FinFETs. FIG. 8 1s a simplified process flow
diagram showing a method 800 for forming FinFETs 1n
accordance with various embodiments of the present disclo-
sure. In operation 801, a silicon substrate 1s provided. The
s1licon substrate may be a silicon waler or another substrate
with silicon material thereon, such as a silicon-on-insulator
layer. Next a number of {ins and an oxide layer between the
fins are formed on the silicon substrate 1n operation 803. The
process for forming the fins are described above 1n associa-
tion with FIG. 1 and 1s not repeated here. Gate structures are
then formed across a first portion of the fins in operation 803.
This first portion of fins may be the regular fins within an
active area or may be some or all of the edge fins. Forming a
gate structure 1s also described above and 1s not repeated here.

In operation 807, a source region 1s formed across a second
portion of the fins. The second portion of the fins mncludes
only the regular fins from which the FinFET 1s formed. In
operation 809, a drain region 1s formed across the second
portion of the fins. Note that the source region and the drain
region are formed on opposite sides of the gate structure.
Source and drain formation for FinFETs are also described
above and not repeated here. With these operations, a FinFET
that 1s consistent with certain embodiments of the present
disclosure 1s formed.

Optional operations 811, 813, 815, and 817 may be per-
formed 1n combination or singly to form FinFET embodi-
ments according to various other embodiments of the present
disclosure. In operation 811, metal lines are formed across the
second portion of the fins. These metal lines may be deposited
in the same operation as the mterconnects of operations 813
and 817. In operation 813, an interconnect between a voltage
potential source and a third portion of the fins 1s formed. The
interconnect may include one or more branches, such as a
number of metal lines and a bus line. The voltage potential
source 1s a constant voltage source, a varying voltage source,
or a ground. The third portion of fins includes only edge fins,

which may be between one and four fins, or more. Operation
813 may be used to form FinFET embodiments of FIGS. 4A

and 4B.

In operation 813, a decoupling capacitor 1s formed using
the third portion of the fins. The decoupling capacitor may be
a metal oxide semiconductor capacitor. One conducting por-
tion 1s the third portion of fins, made of silicon material.
Another conducting portion 1s the conducting portion of the
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gate structure. The gate dielectric 1s the capacitor dielectric.
In some embodiments, the operation 813 1s performed to form
the decoupling capacitor of operation 815.

In operation 817, an interconnect 1s formed between the
gate structures and a third portion of the fins. The third portion
of fins includes only edge fins, which may be between one and
four fins, or more. The interconnect may include one or more
branches, such as a number of metal lines and a bus line, and
connect to conducting portions of the gate structure. Opera-
tion 817 may be used to form FinFET embodiments of FIGS.
5A and 3B.

According to various embodiments, the present disclosure
pertains to FInFET structures that minimizes fin width varia-
tion and associated 1ssues as to threshold voltage and on-state
current. The FinFET structures include a semiconductor sub-
strate including a plurality of active areas. Each of the plural-
ity of active area includes a number of equally-spaced fins,
having one or more regular fins and at least one edge fin. Each
of the active areas also includes a gate structure over the one
or more regular fins; and, a drain region and a source region.
The drain region and the source region are electrically con-
nected to the one or more regular fins and disconnected to the
at least one edge fin. The one or more regular fins, the gate
structure, the drain region, and the source region form a fin
field-etlect transistor (FinFET).

According to certain embodiments, the present disclosure
pertains to a FinFET based semiconductor device. The device
includes a digital region and an analog region. The analog
region ncludes a number of active areas each having a plu-
rality of fins, a plurality of gate structures, and a drain region
and a source region. The plurality of fins includes two or more
regular fins and at least one edge fin. The gate structures are
disposed at least over the two or more regular fins. The drain
region and the source region are electrically connected to the
two or more regular fins and disconnected from the at least
one edge fin. A distance between the at least one edge fin and
an adjacent regular {in 1s between one and {ive times greater
than a distance between two adjacent regular fins.

In some embodiments, the digital region a plurality of
digital active areas, each including a plurality of equally-
spaced fins consisting of regular fins, a plurality of gate struc-
tures over the plurality of equally-spaced fins; and, a drain
region and a source region, the drain region and the source
region being electrically connected to the plurality of equally-
spaced fins. The digital active areas do not include edge fins.

According to some embodiments, the present disclosure
pertains to a method for forming FinFETs. The method
includes providing a silicon substrate, forming a plurality of
fins and an oxide layer between the plurality of fins on the
s1licon substrate, forming a plurality of gate structures across
a {irst portion of the plurality of fins, forming a source region
across a second portion of the plurality of fins, forming a drain
region across the second portion of the plurality of fins, and
forming a plurality of metal lines across the second portion of
the plurality of fins. The second portion of fins 1s smaller than
the plurality of fins and the first portion of fins covers at least
the second portion of fins.

The foregoing has outlined features of several embodi-
ments so that those skilled 1n the art may better understand the
detailed description that follows. Those skilled in the art
should appreciate that they may readily use the present dis-
closure as a basis for designing or modifying other processes
and structures for carrying out the same purposes and/or
achieving the same advantages of the embodiments intro-
duced herein. It 1s understood, however, that these advantages
are not meant to be limiting, and that other embodiments may
offer other advantages. Those skilled 1n the art should also
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realize that such equivalent constructions do not depart from
the spirit and scope of the present disclosure, and that they
may make various changes, substitutions and alterations
herein without departing from the spirit and scope of the
present disclosure.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a semiconductor substrate comprising a plurality of active
areas, the active areas of the plurality of active areas
comprising;

a plurality of equally-spaced fins, including a plurality of
sequential regular fins between at least two edge fins;

a gate structure over the plurality of regular fins; and

a drain region and a source region, the drain region and
the source region being electrically connected to the
plurality of regular fins and disconnected from the at
least two edge fins;

a {irst bus configured to be coupled to a voltage potential
SOUrce;

a {irst interconnect structure coupled to a first edge fin of
the at least two edge fins and to the first bus;

a second bus electrically connected to a ground; and

a second 1nterconnect structure electrically connected to
the second bus and to a second edge fin of the at least two
edge fins,

wherein the plurality of regular fins, the gate structure, the
drain region, and the source region form a fin field-effect
transistor (FinFET), the first edge fin of the at least two
edge fins 1s connected to the voltage potential source by
way of the first interconnect structure and the first bus,
and the second edge fin of the at least two edge fins 1s
connected to the ground by way of the second 1ntercon-
nect structure and the second bus.

2. The semiconductor device of claim 1, wherein the gate
structure 1s further disposed over the first edge fin of the at
least two edge fins.

3. The semiconductor device of claim 2, wherein the gate
structure and the first edge fin of the at least two edge fins form
a decoupling capacitor.

4. The semiconductor device of claim 2, further comprising,
a third iterconnect structure electrically connecting the first
edge fin of the at least two edge fins to the gate structure.

5. The semiconductor device of claim 1, wherein a portion
ol the gate structure 1s over the first edge fin of the at least two
edge fins, and the portion of the gate structure directly con-
nects conductive elements of the gate structure to the first
edge fin of the at least two edge fins.

6. The semiconductor device of claim 1, wherein the at
least two edge fins comprise two to four fins.

7. The semiconductor device of claim 1, wherein an eftec-
tive channel width of each regular fin has a variation of less
than about 5%.

8. The semiconductor device of claim 1, further compris-
ng:

a dummy gate structure between at least two active regions
of the plurality of active region, wherein the dummy gate
structure 1s iree from being over the fins of the plurality
of fins.

9. The semiconductor device of claim 1, wherein 1n use, the
first edge fin of the at least two edge fins are held at a constant
voltage by way of the first bus and the first interconnect
structure.

10. A fin field-effect transistor (FinFET) based semicon-
ductor device, comprising:

a digital region and an analog region, said analog region

comprising a plurality of active areas, the active areas of
the plurality of active areas comprising:
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a plurality of equally-spaced fins, including a plurality of
sequential regular fins between at least two edge fins;

a plurality of gate structures over the plurality of regular
fins; and

a drain region and a source region, the drain region and
the source region being electrically connected to the
plurality of regular fins and disconnected from the at
least two edge fins;

a first bus configured to be coupled to a voltage potential

SOUICe;

a first interconnect structure coupled to a first edge fin of

the at least two edge fins and to the first bus;

a second bus electrically connected to a ground; and

a second interconnect structure electrically connected to

the second bus and to a second edge fin of the at least two
edge fins,

wherein the first edge fin of the at least two edge fins 1s

connected to the voltage potential source by way of the
first interconnect structure and the first bus, and the
second edge fin of the at least two edge fins 1s connected
to the ground by way of the second interconnect struc-
ture and the second bus.

11. The semiconductor device of claim 10, wherein the
plurality of gate structures 1s further disposed over the first
edge fin of the at least two edge fins.

12. The semiconductor device of claim 11, wherein the
plurality of gate structures and the first edge fin of the at least
two edge fins form at least one decoupling capacitor.

13. The semiconductor device of claim 11, further com-
prising a third interconnect structure electrically connecting
the first edge fin of the at least two edge fins to the plurality of
gate structures.

14. The semiconductor device of claim 10, wherein a por-
tion of the plurality of gate structures 1s over the first edge fin
of the at least two edge fins, and the portion of the plurality of
gate structures directly connects conductive elements of the
gate structure to the first edge fin of the at least two edge fins.

15. The semiconductor device of claim 10, wherein an
elfective channel width of each regular fin has a variation of
less than about 3%.

16. A method comprising:

forming a plurality of fins over a silicon substrate;

forming an oxide layer between the plurality of {ins on the

silicon substrate:

forming a plurality of gate structures across a first portion

of the plurality of fins;

forming a source region across a second portion of the

plurality of fins, the second portion of the plurality of
fins being a set of sequential fins;

forming a drain region across the second portion of the

plurality of fins;

forming a plurality of metal lines across the second portion

of the plurality of fins;

forming a first bus configured to be coupled to a voltage

potential source;

forming a {irst interconnect structure, the first interconnect

structure being coupled to a first fin of a third portion of
the plurality of fins, and to the first bus, said third portion
of the plurality of fins being disconnected from the
source region and the drain region;

connecting the first fin of the third portion of the plurality of
fins to the voltage potential source by way of the first
interconnect structure and the first bus:

forming a second bus configured to be coupled to a ground;
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forming a second interconnect structure, the second inter-
connect structure being coupled to a second fin of the
third portion of the plurality of fins, and to the second
bus; and

connecting the second fin of the third portion of the plural- 5

ity of fins to the ground by way of the second 1ntercon-
nect structure and the second bus,

wherein the second portion of the plurality of fins 1s

bounded by at least some of the first portion of the
plurality of fins. 10
17. The method of claim 16,
wherein the first fin of the third portion of the plurality of
fins and at least one gate structure of the plurality of gate
structures together form a decoupling capacitor.

18. The method of claim 16, further comprising forming a 15
third interconnect structure electrically connecting the gate
structures of the plurality of gate structures and the third
portion of the plurality of fins.

19. The method of claim 16, wherein the third portion of
the plurality of fins comprises at least at least the first fin and 20
the second fin, and the first portion of the plurality of fins 1s
between the first {in and the second {in of the third portion of
the plurality of fins.

20. The method of claim 16, further comprising:

holding the first fin of the third portion of the plurality of 25
fins at a constant voltage by way of the first bus and the
first interconnect structure.
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